Background {#sec1}
==========

There is a mount of evidence confirming the negative impact of unhealthy behaviour in particular, smoking and being overweight. However, with the pattern of adverse health behaviour (HB) being varied among different socioeconomic statuses (SES), addressing health inequality remains a challenge. Smoking has remained more common and intense among men, those with lower education, and those with lower income ([@bib21]). For obesity and overweight (OB/OW), the situation is rather alarming and as an example from Germany depicts ([Fig. 1](#fig1){ref-type="fig"}) within about only a decade, the prevalence of OW/OB has increased by 7.5 and 5.2 percentage points among men and women, respectively. Moving to become a global epidemic ([@bib33]) it is predicted that in 2030 the absolute global burden of diabetes, one of the leading causes of BMI-related deaths, will increase from U.S. \$1.3 trillion in 2015 to \$2.2 trillion in the baseline ([@bib6]).Fig. 1Prevalence of obesity and overweight based on German Socio-Economic Panel (SOEP) weighted according to the measure provided as part of the dataset.Fig. 1

HB has been approached from various angles and through different disciplines. Given its heterogeneity, it is difficult to find a single model that can comprehensively explain HB ([@bib31]). In general, it can be said that HB is a combination of individuals' characteristic ([@bib19]), their network ([@bib35]), and their SES ([@bib30]).

Scope of the present study {#sec1.1}
--------------------------

Umberson et al. suggest a conceptual mechanism illustrating that how through the course of life, HB might be associated with psychosocial factors and social ties ([@bib43]). This model indicates that while at a person level, mental health (MH) and self-control may play a role in shaping HB, network and moreover, behaviour of cohabits could also be influential. Through testing this model, the present study contributes to the existing literature firstly by following changes in individual\'s smoking behaviour as well as becoming OW/OB through years and comparing the scale of impact from the behaviour of other household members with individuals\' sense of control, their MH status, their marital status and their SES. Furthermore, we investigate that across different roles in a household, head, partner, and child, who is more vulnerable to the behaviour of others when the rest of factors are controlled for. Being longitudinal, our study also addresses the limitation of many present works that are based on cross-sectional observations, and thus, were unable to track change.

MH and HB {#sec1.2}
---------

The connection between HB and Health Related Quality of Life (HRQoL) and particularly MH is well established ([@bib7]) ([@bib8]). Confirming the association between smoking and HRQoL, Wilson et al. found MH morbidity to be higher among smokers and particularly heavy smokers than non-smokers ([@bib51]). A study of rate of smoking in US observed that decrease of smoking among those with MH problems was significantly less than others ([@bib27]). Similar to smoking, over-eating and obesity was found to be associated with HRQoL ([@bib24]) ([@bib48]) ([@bib15]). As noted by Dallman, through evolution one of the human responses to stress is to crave and store pleasurable food. However, this was then when food was scares while now, and in developed countries in particular, comforting food is easily accessible, inexpensive in terms of time and costs, and in abundance. When such a defence mechanism against stress becomes habitual, it can easily lead into weight gain and obesity ([@bib10]).

Locus of control {#sec1.3}
----------------

Based on the social learning theory, locus of control (LoC) indicates the degree of which a person believes he/she has control over his/her own life ([@bib37]). This indicator that has an extensive base in understanding HB can vary between two poles of internal (self-control) and external (controlled by others) LoC. It was found that higher internal health LoC (HLoC) to be associated with greater likelihood of having healthier behaviour ([@bib42]). Taking into account SES, in a cross-sectional study of the UK households Wardle and Steptoe found a link between beliefs in chance HLoC and SES but no difference in internal HLoC across different social classes ([@bib46]). Grotz et al. also found that the relationship between HB and LoC to be less clear cut once SES and in particular, ethnicity and difference between groups from various cultural backgrounds are considered ([@bib18]).

Methods {#sec2}
=======

We used data from the German Socioeconomic Panel (SOEP), one of the largest longitudinal nationally representative household surveys ongoing since 1984 ([@bib44]). In this survey, smoking habits are measured since 2004 in every other year. To ensure that our longitudinal data is not affected by event singularity, we particularly focused on waves 2008, 2010, 2012, 2014, 2016 and after when public smoking bans across the hospitality industry were introduced by the states ([@bib25]). A study of this ban ([@bib2]) found that while it did not have an immediate effect on average population, it reduced the rate of smoking within particular groups (i.e. those who often go out to bars/restaurants). Following this ban, later studies in Germany reported fewer hospitalization for acute coronary events ([@bib38]) also evidence from other countries indicate that such bans might reduce smoking uptake ([@bib34]). For OW/OB, we used the definition given by WHO that is BMI greater than or equal to 25 ([@bib50]).

In SOEP, HRQoL was measured through SF12 (a short version of SF36) a scale widely used in Medical Outcome Studies covering eight dimensions: limitations in physical activities because of health problems, limitations in social activities because of physical or emotional problems, limitations in usual role activities because of physical health problems, bodily pain, general mental health, limitations in usual role activities because of emotional problems, vitality, and perception of general health ([@bib47]). We followed Andersen et al.'s method of z-transformation and aggregation of sub-scales into two main variables: Physical Component Summary Scale (PCS) and Mental Component Summary Scale (MCS) ([@bib1]). This process required excluding those cases where response to all SF12 items were incomplete.

LoC was measured using 10 items asking respondents to score their perception of self-control through statements such as "*How my life goes depends on me*" on a 7-point scale ranging from 1 (*Not at all*) to 7 (*Absolutely*) where higher scores indicate a stronger self-control. This scale was included in SOEP survey in years 1999, 2005, 2010, and 2015. We took the results for 2015 as the proxy for 2014. Taking the same approach as Specht et al. ([@bib41]) we aggregated 7 items (how my life goes depends on me; I haven\'t achieved what I deserve; what a person achieves depends on luck; others make the crucial decisions in my life; doubt my abilities when problems arise; opportunities are determined by the social conditions; I have little control over my life) that provided good internal consistency (Cronbach\'s $\alpha$ *=* 0.71 and 0.70 in 2010 and 2015, respectively).

Attention to healthy diet was measured on a scale of 1 (*Very strong*) to 4 (*Not at all*). This item was measure in four waves and was not included in 2016. Education level was aggregated in three groups, primary, secondary, and higher according to German ISCED-1997-Classification. We used the indicator of employ/unemployment in the previous year based on the evidence that the effect of unemployment on adverse HB is not immediate and there is a time lag between the two ([@bib39]).

The households were grouped according to the count of other members who also showed the corresponding adverse HB (for being OW/OB 4 groups with 0, 1, 2, and 3 or more others being OW/OB and for smoking 3 groups with 0, 1, and 2 or more others being smoker). These categories were driven by the data; for OW/OB, within waves, there were maximum only 7 cases where 4 others also were OW/OB and there were no higher numbers. Therefore, these cases were grouped together with 3 others under the category "3 or more". For smoking, there were only maximum of 6 cases within waves where the number of others also smoking was 3 and there were no higher counts; hence, these were grouped with two others and categorised as "2 or more". We analysed the data using a hybrid model with logistic fixed-effect (to control for the effect of unobserved time-invariant factors at person level such as ethnicity) ([@bib5]) and household grouping as a nested random-effect following equation [(1)](#fd1){ref-type="disp-formula"}:$$\log{(\frac{P_{it}}{1 - P_{it}})} = \mu_{t} + \beta X_{it} + \gamma Z_{i}$$where *X*~*it*~ is covariate matrix for the fixed-effect *β* (person level factors, behaviour of others, SES, time dummy) and *Z*~*i*~ is the covariate for the random effect *γ* (household behaviour groups). *P*~*it*~ is the binary probability of person *i* being a smoker at time *t*; for OW/OB, it is *P*~*i(t+1)*~ that is the lead (prospective) probability by taking into account that weight gain is not a contemporaneous outcome. As well as investigating the effect size of fixed-effect/person level factors, this mixed-model allows to take into account the variation between household groups.

Considering the differences in HB between genders, we have stratified our main analysis between men and women. LoC is added to the model in a second step (model (2) in [Table 2](#tbl2){ref-type="table"}) allowing to investigate if this inclusion improves the model. Please note that for this step, we have used only two waves of 2010 and 2014. Flagging only those cases where there is a change, the number of cases reported by these models is smaller than the original sample size. Stata 14.0 was used for statistical analysis. Multi-collinearity was checked by looking at both variance inflation factor (VIF) and Spearman\'s $\rho$ where correlation coefficients hardly reached 0.3.

Results {#sec3}
=======

[Table 1](#tbl1){ref-type="table"} shows the descriptive characteristics of the sample at the first (2008) and last wave (2016) highlighting the high ratio of those who were OW/OB that increase from 56% to 61% (18%--22% being obese) most of whom were in the age range of 36--65 years old. At each year, the ratio of OW/OB individuals who lived in a household where there were no other person OW/OB was around 50%. This ratio increases considerably as the number of other household members who were OW/OB grew from 1 to 2 and went even further up to 90% when there were 3 or more other members also OW/OB ([Fig. 2](#fig2){ref-type="fig"}).Table 1Descriptive statistics of demographics and key variables (*N* = 6874).Table 120082016Mean (Sd.)/%Min - MaxMean (Sd.)/%Min - MaxGender: male47.54%47.54%Age49.77 (15.46)18--9057.77 (15.46)26--98Marital status Single20.95%14.91% Married/in a relationship62.82%64.76% Separated/divorced10.26%11.13% Widowed5.98%9.20%Education level Primary11.15%8.82% Secondary50.40%48.85% Higher38.45%42.34%Unemployed (last year)8.9%5.09%Monthly hh. income per capita (€)1189.92 (657)100--70001463.57 (729)0--7200MCS (0--100)50.54 (9.62)5.79--76.2250.67 (9.65)5.85--74.06Smoker25.97%22.17%OW/OB56.12%60.90%Ratio of women who were pregnant at the time of interview1.47%0.75%Follows health conscious diet[a](#tbl1fna){ref-type="table-fn"} Very strong8.87%-- Strong43.70%-- A little42.35%-- Not at all5.08%--Count of others in hh smoking 072.85%78.57% 125.29%20.86% 2 or more1.86%0.57%Count of others in hh OW/OB 039.61%36.36% 155.50%60.32% 24.24%2.94% 3 or more0.66%0.37%[^1]Fig. 2Ratio of OW/OB by count of other hh members also being OW/OB.Fig. 2

For smoking, however, this pattern was somewhat different as the ratio difference is more noticeable when there is no other cohabit smoking versus one other smoker (e.g. 16% vs. 46% in 2008) and having two or more other smokers did not change this pattern noticeably ([Fig. 3](#fig3){ref-type="fig"}).Fig. 3Ratio of being smoker by count of other hh members also being smoker.Fig. 3

Role of MH, LoC, and SES vs. behaviour of others {#sec3.1}
------------------------------------------------

[Table 2](#tbl2){ref-type="table"} presents the odds ratio (logit mixed-effect) for becoming OW/OB_lead. This is taking the state of being OW/OB not at present but in the following wave to account for the lag of time from when a factor triggers a none-contemporaneous outcome and when the outcome, in this case OW/OB, demonstrates itself. MH and LoC were only weakly associated with OW/OB and the coefficient was only significant for men. However, for this group, incorporating LoC increased the scale of association from behaviour of others. We should remind that the model 2 in both [Table 2](#tbl2){ref-type="table"}, [Table 3](#tbl3){ref-type="table"} includes only two waves of 2010 and 2014 and when the data for LoC were available. Smoking cessation was not found to be particularly significant for becoming OW/OB, however, smoking initiation had a revers connection in the case of both genders (the latter loses its significance once LoC is incorporated into the model). Following a health conscious diet "a little" found to have a significant relationship with OW/OB (increasing the likelihood by 56% (95% CI: 1.15--2.12) for men and 49% (95% CI: 1.18--1.88 for women). Secondary level of education had an association with becoming OW/OB for men, however, it lost its significance once LoC was included in the model. For women as the education level went higher, this likelihood declined by 44% (95% CI: 0.29--0.56). Unemployment was not found to be a significant predictor for men, however, for women, being unemployed was associated with a higher likelihood of 44% (95% CI: 1.07--1.94).

We also took into account pregnancy for women who reported being pregnant at the time of individual interviews. As presented in [Table 2](#tbl2){ref-type="table"}, we did not find a significant association between pregnancy and changes in becoming OW/OB which could probably be due to the low number of pregnancy cases in our panel data.Table 2Mixed-effect logit OR for OW/OB_lead1.Table 2OW/OB_lead1MenWomen(1)(2)(1)(2)MCS1.01\*\*1.01\*\*\*1.001.00(1.00--1.01)(1.01--1.02)(1.00--1.01)(1.00--1.01)LoC0.90\*\*0.98(0.83--0.98)(0.91--1.06)Count of others OW/OB = 0ref.ref.ref.ref.Count of others OW/OB = 11.77\*\*\*1.82\*\*\*1.92\*\*\*1.90\*\*\*(1.60--1.96)(1.57--2.11)(1.73--2.13)(1.64--2.21)Count of others OW/OB = 22.29\*\*\*2.09\*\*\*2.38\*\*\*2.28\*\*\*(1.73--3.03)(1.39--3.14)(1.84--3.09)(1.56--3.33)Count of others OW/OB = 3+3.07\*\*\*7.18\*\*\*10.77\*\*\*12.44\*\*(1.68--5.60)(2.10--24.54)(3.17--36.65)(1.53--100.85)Smoking cessation1.201.191.080.91(0.87--1.64)(0.80--1.77)(0.78--1.49)(0.60--1.38)Smoking initiation0.81\*\*\*0.890.80\*\*\*0.87(0.72--0.91)(0.75--1.05)(0.71--0.90)(0.74--1.03)Follows a healthy diet: very strongrefref.ref.ref.Follows a healthy diet: strong1.021.071.17\*\*1.05(0.83--1.25)(0.79--1.46)(1.00--1.36)(0.84--1.31)Follows a healthy diet: a little1.54\*\*\*1.56\*\*\*1.69\*\*\*1.49\*\*\*(1.25--1.89)(1.15--2.12)(1.44--1.99)(1.18--1.88)Follows a healthy diet: not at all1.201.061.140.94(0.91--1.57)(0.71--1.59)(0.81--1.60)(0.57--1.56)Pregnant at the time of the surveyn/an/a1.021.00(0.64--1.63)(0.47--2.11)Marital status: singleref.ref.ref.ref.Marital status: separated/divorced3.71\*\*\*3.67\*\*\*1.95\*\*\*1.79\*\*(2.68--5.13)(2.23--6.03)(1.47--2.59)(1.15--2.79)Marital status: married/in a relationship3.00\*\*\*2.83\*\*\*2.08\*\*\*1.82\*\*\*(2.60--3.46)(2.28--3.53)(1.77--2.45)(1.42--2.34)Marital status: widowed4.54\*\*\*4.42\*\*\*3.33\*\*\*2.87\*\*\*(2.25--9.15)(1.64--11.94)(2.32--4.78)(1.68--4.89)Monthly hh income per capita1.001.001.00\*\*\*1.00\*\*\*(1.00--1.00)(1.00--1.00)(1.00--1.00)(1.00--1.00)Education level: primaryref.ref.ref.ref.Education level: secondary1.39\*\*\*1.300.84\*\*0.79\*\*(1.14--1.70)(0.95--1.78)(0.72--0.98)(0.63--1.00)Education level: higher1.040.990.60\*\*\*0.56\*\*\*(0.85--1.28)(0.71--1.37)(0.51--0.71)(0.44--0.71)Unemployed last year1.021.031.43\*\*\*1.44\*\*(0.83--1.24)(0.76--1.40)(1.18--1.74)(1.07--1.94)Constant0.36\*\*\*0.41\*\*0.37\*\*\*0.63(0.24--0.55)(0.21--0.81)(0.26--0.53)(0.35--1.11)  Observations8468399781623807Number of groups4444Dummy year included✓✓✓✓[^2]

Being married or in a relationship had a strong association with becoming OW/OB and for men, it was to the same scale as to having two other household members also being OW/OB increasing the odds by 3 folds. For women, although being married was a significant factor, the behaviour of others had a much stronger association with becoming OW/OB and having 3 or more people in the house who were also OW/OB was associated with a 12 times higher odds.

The mechanism for smoking initiation seemed to be slightly different from the one that led into weight gain ([Table 3](#tbl3){ref-type="table"}). In this case, a decline in MH status although in a small scale played a significant role for both men and women while LoC did not seem to be important. Divorce or separation was associated with an increased likelihood of becoming a smoker significantly and for women, the odds almost doubled. Being unemployed was associated with an increased chance of becoming a smoker by 106% (95% CI: 1.53--2.77) and 78% (95% CI: 1.29--2.45) for men and women, respectively. For men, education had a reverse association with smoking as expected. However, for women, having a secondary level of education was related an increased likelihood of becoming a smoker by around 29% yet having higher level of education reduces this likelihood for both genders noticeably. Here, a large association was found to be with having one other person in the household who also smoked with an increased odds by a factor of 4 and this scale did not noticeably change when there were two or more other smokers in the house. Moreover, following a healthy diet (which could be a proxy indicator for caring for own health) had a significant relationship with smoking initiation particularly for men.Table 3Mixed-effect logit OR for Smoking.Table 3SmokingMenWomen(1)(2)(1)(2)MCS0.99\*\*\*0.990.99\*\*\*0.99(0.99--1.00)(0.99--1.00)(0.99--1.00)(0.99--1.00)LoC1.061.02(0.97--1.16)(0.93--1.13)Count of others smoking = 0ref.ref.ref.ref.Count of others smoking = 13.89\*\*\*4.05\*\*\*4.39\*\*\*4.56\*\*\*(3.47--4.37)(3.41--4.79)(3.90--4.93)(3.83--5.42)Count of others smoking = 2+3.28\*\*\*4.10\*\*\*3.42\*\*\*2.91\*\*\*(2.19--4.91)(2.19--7.67)(2.26--5.17)(1.56--5.42)Follows a healthy diet: very strongrefref.ref.ref.Follows a healthy diet: strong1.48\*\*1.441.42\*\*\*1.33\*(1.09--1.99)(0.92--2.25)(1.14--1.77)(0.95--1.85)Follows a healthy diet: a little2.64\*\*\*2.41\*\*\*1.95\*\*\*1.90\*\*\*(1.97--3.54)(1.56--3.73)(1.56--2.44)(1.35--2.67)Follows a healthy diet: not at all4.89\*\*\*5.46\*\*\*3.37\*\*\*2.97\*\*\*(3.49--6.87)(3.30--9.04)(2.29--4.98)(1.67--5.31)Marital status: singleref.ref.ref.ref.Marital status: separated/divorced1.76\*\*\*1.79\*\*1.95\*\*\*2.12\*\*\*(1.29--2.40)(1.11--2.87)(1.44--2.65)(1.31--3.42)Marital status: married/in a relationship1.051.060.900.88(0.90--1.23)(0.83--1.34)(0.75--1.09)(0.66--1.18)Marital status: widowed0.740.900.750.65(0.37--1.45)(0.36--2.28)(0.49--1.15)(0.34--1.23)Monthly hh income per capita1.00\*\*\*1.001.00\*\*1.00(1.00--1.00)(1.00--1.00)(1.00--1.00)(1.00--1.00)Education level: primaryref.ref.ref.ref.Education level: secondary0.63\*\*\*0.55\*\*\*1.38\*\*\*1.29\*(0.51--0.77)(0.41--0.75)(1.14--1.66)(0.97--1.71)Education level: higher0.39\*\*\*0.34\*\*\*0.850.76\*(0.31--0.48)(0.24--0.47)(0.69--1.05)(0.55--1.04)Unemployed last year1.82\*\*\*2.06\*\*\*1.78\*\*\*1.78\*\*\*(1.50--2.22)(1.53--2.77)(1.44--2.19)(1.29--2.45)Constant0.32\*\*\*0.25\*\*\*0.11\*\*\*0.11\*\*\*(0.20--0.52)(0.12--0.54)(0.07--0.17)(0.05--0.23)  Observations8511402383303877Number of groups3333Dummy year included✓✓✓✓[^3]

Who is more vulnerable in a household? {#sec3.2}
--------------------------------------

In order to find out that within a household how members with different roles were relatively affected by the behaviour of others, we have excluded the cases where between years, individual\'s role in the household changes within time. Also, our model indicated that marital status being a significant factor, however, as the number of cases where the marital status of (adult) children in the household changed between years was quite low, the cases where marital status changed in time were excluded. As the primary aim here was to compare the magnitude of association with the others\' behaviour across roles, this process which practically kept marital status at constant, did not affect the overall approach.

While overall having at least one other person being OW/OB was significantly associated with an individual\'s tendency to become OW/OB, this connection was stronger for those who indicated their role in the household to be child in comparison with head or partner ([Fig. 4](#fig4){ref-type="fig"}). This became particularly extreme for women where the ratio of odds increases by a factor of 31 (it should be noted that here, the term child is how individuals identified their role in the household and they are young adults mostly aged between 17 and 35 and single). In 2016, the ratio of OW/OB (adult) children living in a house where the head of the household was also OW/OB was 15%, almost three times higher than living in the house where the partner was OW/OB (5%) and in the majority of cases, both head and partner were OW/OB (42%) (*N* = 116).Fig. 4Log-odds (95% CI) of becoming OW/OB when there is at least one other member in the hh who were also OW/OB by role in the household.Fig. 4

On the contrary, comparing the odds of an individual becoming a smoker between groups with different roles showed that although this factor was still significant for all groups, the connection was less strong for (adult) children ([Fig. 5](#fig5){ref-type="fig"}). In this group in 2016 (*N* = 117), of those who were smokers, the majority (56%) lived in a house where there were no other person smoking indicating that the influence on this particular group is not strongly linked to the behaviour of cohabits when it comes to smoking. It should be noted that breaking down the analysis into subgroup by gender and role inevitably reduced the count of cases per groups, hence, the statistical results were taken with cautions.Fig. 5Log-odds (95% CI) of becoming a smoker when there is at least one other member in the hh who were also smoker by role in the household.Fig. 5

Discussion {#sec4}
==========

A comprehensive illustration of reasons behind the recent sharp rise in the prevalence of obesity and overweight in Germany is yet not available. Similar to the US and other developed countries, as well as change in cultural norms, the growing availability and ease of access to low-cost highly-calorific foods ([@bib9]) alongside the increase in prevalence of sedentary life-style could be some of the contributors to this issue. In terms of the relationship between OB/OW, SES, and sedentary life-style, our findings are in line with the observations from a cross-sectional study in Germany in 2010 ([@bib45]) that found the level of education for men to be positively associated with sitting time and they sat longer hours than women (5 vs. 4 h per day). On the contrary for women, we found that higher levels of education reduced the likelihood of becoming OW/OB.

We did not find self-control to play particularly an important role. This could be due to the point that here, self-control was measured through global LoC and not HLoC. However, other studies that used HLoC also found it to be a weak predictor of HB ([@bib32]). A possible explanation might be found through the theory of planned behaviour itself as perceived control works in parallel with subjective norms and attitude as a determinant of intentions ([@bib3]). Where there is a shift in norms, then self-control could lose its importance in determining HB. On the opposite path, self-control might be important when it comes to being motivated in moving away from an adverse HB e.g. for weight loss ([@bib23]). Moreover, other aspects of self-control, such, as 'trait' self-control might be more important when it comes to e.g. impulse eating ([@bib20]) where low-cost high calorific foods are easy to access.

Although MH was found to be significantly associated with becoming a smoker for both genders and with becoming OW/OB for men, this connection was relatively weak. In the case of sever obesity, a multi-national cross-sectional study found that the relationship between obesity and depressive disorders to be significant yet not large (OR 1.2) ([@bib40]). In comparison to MH, our study indicate that unemployment to have a stronger association with becoming a smoker and for women, it was related to becoming OW/OB. Graham argued that unemployment alongside education and other social factors like marriage can shape a notion of identity within which certain behaviours are recognized as norms ([@bib17]). Not following a healthy diet might also be part of this self-recognition where being a smoker becomes an indicator of caring less about own health ([@bib26]). The association between low nutrients intake and being a smoker has already been reported by a number of studies ([@bib11]) ([@bib36]). Aside from MH and LoC, future studies focusing on self-identification, social norm, valuing own health, and also living environment could help to shed further light on the interlink between smoking and healthy diet.

Here, household income was not found to be a key predictor. This makes the case of Germany rather interesting as perhaps the availability of social protection for unemployed took the element of income out of the equation. In the same line, while having a higher level of education could improve one\'s knowledge about the negative side-effects of smoking, it could also be the change in self-identity that leads to the change in smoking behaviour.

Our results indicate that across the conceptual mechanism suggested by Umberson et al. ([@bib43]) the connection between HB and MH and also self-control is weaker than the association of HB with SES that possibly shapes norms. The notion of norm might also explain why being married/in a relationship has such a strong impact on reducing the likelihood of smoking while increases the odds of becoming OW/OB by a minimum factor of about 2 even when the behaviour of others/cohabits is accounted for. As suggested by other studies, this could be due to developing shared dietary habits that are heavier in calorie intake with a simultaneous change towards adapting a less physically active lifestyle ([@bib12]). Through a study across nine European countries, married men were found to be more aware of healthier food choices yet they significantly exercised less than those who were never married ([@bib28]). Moreover, it has been noted that among singles, the motivation for maintaining a healthier/more attractive body image could be stronger than other groups. Our analysis showed that compared with being married/in a relationship, divorce/separation and becoming widowed did not increase the odds of becoming OW/OB significantly indicating that the weight gain transition from being single to other marital status at a person level could have a long-term consequence ([@bib29]). In this route, further studies that would monitor the shift in life-style and diet in details alongside norms and group-identity through life-course are needed.

The effect of network on HB is well documented ([@bib14]). We found a dramatic increase in odds of becoming OW/OB particularly for women as the count of OW/OB cohabits moved from 2 to 3 or more and this probability was far much higher for female (adult) children than those who were head or partner in the household. It can be argued that the gender difference could be due to the difference in amount of physical activities among young men and women. Unfortunately through SOEP, physical activity is measured in odd years thus this factor was not originally included in our model (later noted as one of the limitations). Nevertheless, we ran a test by taking the figures from proxy years (2011 for 2010 and 2015 for 2014). Although including the frequency of sport/exercise found to have a significant association, remarkably, it did not change our model effect estimates considerably and if anything, for women it increased the magnitude of the association with having 3 or more OW/OB cohabits (OR for men changed from 7.18 to 7.07, CI 95%: 2.06--24.28 vs. women 12.44 changed into 13.65, CI 95%: 1.68--111.24). An alternative explanation here could be the social influence as suggested by Higgs that perhaps women are more vulnerable towards the behaviour of others due to probably having more empathetic tendencies and greater interest in facilitating positive social bonds ([@bib22]). In this vein, a study of connection between obesity and personality traits found that across two waves of measurements, out of "Big-Five" personality traits, only agreeableness to be significant and negatively associated with obesity. However, the study did not find gender difference to be significant when these connections were stratified ([@bib4]).

Compared with other role types in a household, the likelihood of becoming a smoker was higher among women whose role was head when there were also one more other person smoking. After the threshold of one, having more smokers in the household did not make a noticeable difference. Becoming a smoker for (adult) children had a weaker connection with the behaviour of cohabits when compared with head or partner members. Our study did not expand the cover of network beyond the household, however, our findings indicate support for the existing suggestion that in terms of smoking, young adults are more affected by the behaviour of their friends and peers rather than by the behaviour of their parents and cohabits ([@bib49]) which is in contrast with the mechanism behind OW/OB. This perhaps reflects the fact that eating is more of a shared activity among cohabits, thus, group behaviour is more dominant than individual\'s choice.

Our research is one of the few longitudinal studies that covers a sample of varied age groups. In comparison with middle-aged and older, we found that changes in HB in young adults had a stronger connection with the behaviour of their cohabits in terms of becoming OW/OB. While having more than one other smoker did not make a noticeable change in the scale of association with the behaviour of others, moving from two to three or more other cohabits being OW/OB increased the odds cumulatively. This combined with the particular vulnerability of young adults could perhaps partly explain the mechanism through which the prevalence of OW/OB grows. Future studies that could follow this pattern through units from household to neighbourhood, to region, and across a country will help to gain an insight towards the mechanism behind this growth.

Advantages and limitations {#sec4.1}
--------------------------

While most of the existing studies in this field are cross-sectional, we used a balanced panel that allowed following individuals within their households. Through incorporating both person- and household-level factors, our findings support the existing literature that we are probably more affected by our social connections than our individual trades. Our further focus on roles in the household indicates that the mechanism behind smoking and becoming OW/OB are rather different and gender in particular plays an important role. Our study has a number of limitations that should also be noted. Self-reported variables such as weight and height are often susceptible to respondent error. However, as our analysis was fixed at the person level, this error was mitigated by the same person provided responses at different points in time. We should also note that we used a balanced panel data (subsample of SOEP data), hence, our data did not essentially remain the population representative. In terms of the relationship between MH status and HB as an outcome, it is also possible to consider a reverse association between the two. This connection, however, is conceptual and in practice, it is difficult to eliminate this two-way relationship. As mentioned above, it was not possible to include the amount of exercise here due to the difference in years of measurement. Nonetheless, our test of using proxy years did not noticeably change the magnitude of association across various factors from the present findings. In the notion of links between household members, genetic susceptibility and hereditary connections between parents and children/siblings might also play a role as they can have both physical and psychological impacts ([@bib13]). However, the present rate of growing prevalence of OW/OB across the globe indicates that the mechanism behind it has certain routes in changes in modern lifestyle and environment ([@bib16]). While our fixed-effect approach controls for non-measured time-invariant factors, we cannot dismiss the potential effect from time varying confounders that are not included in our model, thus, we cannot infer any causality. As such factors are connections with friends as well as the effects from neighbouring environment that require further studies in the future.

Conclusion {#sec5}
==========

The recent global increase in the prevalence of OW/OB could be due to an overall shift in food industry as well as changes in lifestyle and social norms. Our study of changes in smoking initiation and weight gain that followed individuals over time did not find a particular link between these and self-control or MH. It was argued that an individual\'s level of education, marital status, and employment status shapes his/her social-identity within which a certain HB might be more of a norm. Moreover, we found a strong connection between changes in HB of an individual with the behaviour of his/her cohabits. However, this network mechanism was different for smoking and weight gain, between genders, and between members with different roles in a household. For OW/OB, the increase in the count of others also being OW/OB increased the odds drastically and changes in HB of female (adult) children had by far the strongest association with the behaviour of others. These findings indicate that policies aiming to reduce adverse HB might be more successful if they focus on groups rather than individuals and intervention programs need to be considerate of diversity in social classes and norms within a society.
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[^1]: This var. was not measured in 2016.

[^2]: CI in parentheses; \*\*\*p \< 0.01, \*\*p \< 0.05, \*p \< 0.1.

[^3]: CI in parentheses; \*\*\*p \< 0.01, \*\*p \< 0.05, \*p \< 0.1.
